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Introduction
The exuberant variety of animal life forms in the tropics, with their many shapes, sounds, smells, and colors, have lured naturalists for centuries. Darwin himself was amazed by such diversity and was the first to suggest that many of these traits were not the result of natural selection but rather of an additional and sometimes opposite selective force he called sexual selection (Darwin 1871) . Does this imply that sexual selection is stronger in the tropics when compared with temperate or cold regions? Although sexual selection is most likely affected by environmental conditions that follow geographical patterns, behavioral ecologists and evolutionary biologists are still unable to answer these kinds of questions. Moreover, considering that a great deal of the empirical studies on sexual selection have been conducted under controlled laboratory conditions and that fieldwork on the subject is still concentrated in temperate regions, it is not surprising that the gap of information on species from other parts of the globe hampers any generalization about large-scale patterns .
There seems to be a widespread view that also constrains the potential to address large-scale evolutionary questions: the notion that the tropics are a homogeneous region where temperatures are warm, precipitation is high, and the benign environmental conditions permit the growth of tropical rain forests, with rich flora and fauna. This oversimplification has already been pointed out long ago by Darlington (1958) , who acknowledged that "many definitions are possible and no simple one is entirely satisfactory, for the tropics vary in climate (wet to dry), vegetation (rain forest to desert), and animal life" (p. 492). In fact, the tropics have been defined in many very different ways, and thus their limits vary depending on the discipline and criteria considered . Interestingly, there is another oversimplification when "temperate" is defined as anything "nontropical," thus ignoring a wide variety of environmental conditions that include not only temperate but truly cold regions. As shown in figure 1, both tropical and temperate regions include a great mosaic of climate types, which are clearly not distributed along a simple latitudinal gradient.
If we are interested in the study of selective forces shaping reproductive traits on a large geographic scale, it is necessary to be specific about the environmental conditions shaping those forces. Climate probably offers the most independent array of environmental variables influencing the forces of natural and sexual selection. Therefore, by using climatic variables, we may gain more insights into the selective forces shaping reproductive traits, thus avoiding the so-called temperate assumptions. This notion has recently been explored in the first chapter of the book Sexual Selection: Perspectives and Models from the Neotropics, where proposed a macroecological framework for studying the large-scale influence of climate on reproductive traits. Rather than simply searching for global patterns, the aim of the chapter was to propose a hypothesis-driven approach of testing observations against predictions on how reproductive traits should vary across large geographical scales. These predictions were mostly based on information provided by small-scale studies on physiology, life history, and mating systems.
Here we revise and update this macroecological framework in order to make it available for a broader audience. Additionally, we provide empirical examples of the hypotheticodeductive approach, in which we investigate the possible influence of environmental factors on the reproductive biology of a diverse arthropod group, the order Opiliones. For this major arachnid group, we have a data set on the length of breeding season, type of mating system, magnitude of sexual dimorphism, and presence or absence of postovipositional parental care for a large and representative sample of species widely distributed in many climate types. With the working examples, we intend to show that the macroecological framework provides a fruitful field of investigation, with important implications for our understanding of sexual selection and the evolution of reproductive traits.
Macroecology of Sexual Selection
The great majority of macroecological studies investigate large-scale spatial variation in species richness, abundance, distribution, and body size (Ricklefs and Schluter 1993; Gaston and Blackburn 2000) . The main explanation for some of the large-scale patterns found in these macroecological studies is directly connected to variation in physiological responses (Chown and Nicolson 2004) . For instance, interspecific differences in the limits of tolerance to abiotic factors have been considered one of the most important factors to explain the taxonomically widespread pattern of latitudinal decrease in species richness (Willig et al. 2003) . According to Stevens (1989) , species from high latitudes have wider tolerance to climatic variability than species from low latitudes. Therefore, species from high latitudes have few constraints to expand their lower limits of distribution, whereas species from low latitudes are constrained by their upper limits of distribution. The predicted consequence of this hypothesis is an inflation of species richness at low latitudes through greater emigration rates of species from high latitudes (Pintor et al. 2015) . Explanations for macroevolutionary patterns in body shape and size-namely, Allen's rule and Bergmann's rule-also rely on physiology. Allen's rule states that endotherms from colder climates have relatively shorter limbs than their relatives from warmer climates, whereas Bergmann's rule states that animal species from colder climates are larger than their relatives from warmer climates. A decrease in the surface-volume ratio increases heat conservation in species from colder climates, explaining the macroecological variation in both relative limb length and body size (Gaston and Blackburn 2000) .
Perhaps one of the most intensively studied morphological traits in any animal group is sexual size dimorphism, which has been approached under macroevolutionary and macroecological perspectives since the nineteenth century (Fairbairn 2007 ). Rensch's rule, for instance, states that the body size of the larger sex varies, or evolutionarily diverges, more than the body size of the smaller sex among species within a lineage. This allometric pattern has already been demonstrated for several animal groups, including vertebrates and invertebrates (examples in Fairbairn et al. 2007 ). Recent studies on phenotypic plasticity have also shown that populations of several arthropod species experiencing different temperatures in nature exhibit marked differences in sexual size dimorphism, even when there is no genetic differentiation in size among populations (Stillwell et al. 2010) . Regardless of the cause, the consequences of geographic variation in sexual size dimorphism in terms of sexual selection remain poorly explored.
In contrast to the large-scale studies investigating variation in ecological or morphological attributes exemplified above, studies investigating how reproductive or sex-specific traits vary geographically in response to environmental factors are comparatively scarce ). Most of the multispecies macroecological studies focusing on reproductive traits have been conducted with vertebrates, including fish (Conover 1992) , amphibians (Gomez-Mestre et al. 2012) , mammals (Ebensperger et al. 2012) , and especially birds (Cardillo 2002; Pienaar et al. 2013; Lawson and Weir 2014; Dale et al. 2015) . Latitudinal variation in clutch size and incidence of cooperative breeding in birds, for instance, has long been debated. Several environmental factors have been evoked to explain the evolutionary causes of intraand interspecific clutch size variation, including predation pressure, seasonal variation in resource availability, abiotic factors that limit adult populations during the nonreproductive period, and heat exchange between eggs and the environment (Martin et al. 2000; Ricklefs 2000; Cooper et al. 2005 and Jetz et al. 2008) . Cooperative breeding, in turn, is usually explained by low annual adult mortality, which is associated with increasing sedentariness and decreased environmental fluctuation (Arnold and Owens 1998; Jetz and Rubenstein 2011) .
Although empirical studies of clutch size and cooperative breeding in birds provide clear evidence of broadscale variation in reproductive traits, most seek to understand the underlying processes using the simplistic dichotomy between temperate and tropical regions or, at best, using latitude as an explanatory variable. There are some exceptions, such as the article by Ricklefs (1980) , who provides a test for Ashmole's (1963) hypothesis, according to which clutch size in birds should vary in direct proportion to the degree of seasonal fluctuation in the level of resources utilized by a population. The author showed that clutch size is inversely related to the ratio between winter and summer actual evapotranspiration (a proxy of primary production). More recently, Jetz et al. (2008) tested how biotic and abiotic factors influence clutch size in birds. They found that clutch size is consistently larger in cavity nesters and in species occurring in seasonal environments, which provides additional support to Ashmole's (1963) hypothesis. Finally, Jetz and Rubenstein (2011) showed that between-year environmental variability in precipitation is an important predictor of the incidence and distribution of cooperative breeding in birds. Taken together, the findings reported in these three studies reinforce the notion that if we want to understand the macroecology of reproductive traits, we need to be explicit about the selective pressures that may shape these traits. Moreover, they also illustrate the hypothesis-driven macroecological approach that we are going to develop hereinafter.
Abiotic factors may exert both direct and indirect influences on behavioral, morphological, physiological, and lifehistory traits (Bradshaw 2003; Chown and Nicolson 2004) . At least some of these traits are directly or indirectly related to reproduction and are under sexual selection. We argue that life-history theory offers a good starting point for a predictive framework on how large-scale variations in environmental conditions may influence reproductive traits (Ricklefs and Wikelski 2002) . According to this theory, limited resources must be partitioned into three main fitness components: (1) somatic effort, comprising actions that increase individual development, maintenance, and survival; (2) mating effort, comprising actions to acquire sexual partners; and (3) parental effort, comprising actions that increase offspring fitness (Magrath and Komdeur 2003) . An increase in the resources allocated to one of these fitness components implies a decrease in the resources allocated to one or both of the other components (Roff 2002 ). Therefore, individuals should be selected to maximize their lifetime reproductive success by optimizing resource allocation to these three components in each breeding attempt. Any environmental factor that changes the fitness profit for one component will have a direct effect on the other components. For example, if climatic seasonality constrains the breeding season to only a few months, the net benefit of mating effort compared with parental effort is expected to be higher because caring activities are usually time-consuming and males may increase their reproductive success by allocating more time and/or energy into searching for mating partners.
Another possible connection between environmental conditions, life history, and reproduction is the effect of parasitism on sexually selected traits. There is some empirical evidence that parasitism is more prevalent in hot-humid climates (Schemske et al. 2009 ). Considering that resistance and immune response against parasites are costly (whether alone or in combination) and may impose resource allocation tradeoffs, other fitness components, such as mating effort, may be compromised when parasitism is intense (Lawniczak et al. 2007 ). In insects, for instance, the main immune response involves encapsulation of the parasite via the phenoloxidase cascade and subsequent melanization of the encapsulated parasite (Schmid-Hempel 2005) . The same biochemical precursors involved in immune response are also responsible for melanin-based, sexually selected ornaments, such as wing pigmentation in odonates (Siva-Jothy 2000) . Therefore, simultaneous investment in immune defense and sexual displays may impose allocation trade-offs (Zuk and Stoehr 2002) . Similar allocation trade-offs also occur with the carotenoidbased sexual ornaments of many birds (Baeta et al. 2008) and fish (Clotfelter et al. 2007 ). Contrary to the melaninbased ornaments of insects, carotenoids are obtained exclusively from the diet but are also used to enhance immune response (Olson and Owens 1998; Blount et al. 2003; McGraw and Ardia 2003) . All else being equal, the macroecological prediction is that males from sites where parasitism is more intense (probably hot-humid climates) should be more ornamented because melanin-and carotenoid-based sexual ornaments may signal immunocompetence.
Finally, mating system theory also provides a fruitful theoretical background for understanding large-scale variations in reproductive traits. The distribution and limitation of key resources for reproduction in time and space predict the optimal set of mating strategies in a population (Emlen and Oring 1977; Shuster and Wade 2003) . As mentioned above, strong climatic seasonality may constrain the length of breeding season to only a short period, during which high synchrony in mating activity should be expected. Among univoltine species, for instance, individuals that take longer to be sexually mature can lose mating opportunities (mostly males) and have less time to eat and produce gametes (mostly females). In this situation, males and females should be selected to be reproductively active at the same time, and even males with high competitive ability may have limited opportunities to monopolize a great number of females, so that variance in male reproductive success should be low (Ims 1988; Grant et al. 1995) . In contrast, a longer breeding season may allow females to be reproductively active in an asynchronous manner, so that the most competitive males may be able to sequentially monopolize a much larger number of females, which leads to higher variance in male reproductive success. Additional predictions will be explored in more detail below, and our goal here is just to highlight that climatic conditions may affect the relative amount and diversity of available resources, as well as their temporal and spatial distributions. Therefore, we expect different selective pressures on reproductive strategies under different climatic regimes and, thus, variation in mating systems and a whole array of aspects associated with reproductive ecology. These include, among others, the length of breeding season, the type of mating system (i.e., the strategy of mate acquisition and the amount and distribution of time allocated to parental care), and the degree of sexual dimorphism.
Macroecological Predictions
Based on the macroecological framework presented above, we now develop general predictions within a bidimensional environmental matrix composed of two interacting variables: temperature and precipitation. This matrix contains the following four extreme conditions and all possible intermediate states: hot-humid, hot-dry, cold-humid, and colddry. Some broad environmental gradients may be suggested in this bidimensional space covering most climatic conditions. Energetic demands, for instance, should be higher in cold climates compared with regions where temperatures are closer to those required for metabolic processes (Willmer et al. 2000) . This may have consequences for self-maintenance and reproductive effort, as well as for offspring demands and mortality. Water loss in drier areas also results in physiological constraints that may shape self-maintenance and reproduction, especially in water-sensitive groups, such as amphib- ians and many arthropods. An overall abundance of resources may be expected in regions with hot-humid climates due to higher energy and water and nutrient availability (MoyaLaraño 2010), which may result in higher food input and an overall attenuation of life-history trade-offs (Harshman and Zera 2007) . Finally, biotic interactions seem to be more important in hot-humid climates, where vector-borne parasites, pathogenic diseases, and predation are probably more frequent or intense (Schemske et al. 2009 ).
Regardless of mean annual temperature and precipitation at a given area, both climatic variables have region-specific patterns of seasonality that dictate the combination of environmental conditions that result in actual selective pressures. Mean annual temperature and temperature seasonality are highly correlated, because both covary with distance to the equator. Annual precipitation and precipitation seasonality, however, may be more independent from each other as they result from a wide and somewhat different array of geographical factors. As a result, when building detailed macroecological predictions on reproductive traits, it may be appropriate to consider environmental variables along three somewhat independent main axes: one related to temperature that implies an unavoidable correlation between mean annual temperature and temperature seasonality, one representing the amount of precipitation, and another representing the temporal distribution of precipitation. The selection of these axes may be dictated by group-specific physiological constrains. Temporal distribution of rainfall, for instance, may be assumed to play a relatively unimportant role in some groups not highly dependent on water but a prominent one in other groups with life histories tightly tied to pulses of water availability.
Macías-Ordóñez et al. (2013) derived specific macroecological predictions for three groups of land animals, namely, arthropods, ectothermic vertebrates, and endothermic vertebrates. For the sake of conciseness, here we focus on land arthropods, which include representatives of four major groups: insects, arachnids, myriapods (centipedes and millipedes), and crustaceans of the order Isopoda (woodlice). These groups comprise the great majority of species in terrestrial environments, and there is no doubt that the diversity of their morphologies and behaviors can prevent generalizations. Nonetheless, arthropods share general features that allow us to predict how they respond physiologically to temperature and precipitation. For example, water loss rates in arthropods vary with relative humidity, which is highly correlated with total rainfall. Moreover, there is a negative relationship between standard metabolic rate and environmental temperature. These patterns of variation would not be detectable if arthropods showed a wide array of physiological responses to the environment. Thus, despite all variation associated with feeding habit, age, and body size in arthropods, there is growing evidence that a considerable proportion of the variation in physiological traits is partitioned at high taxonomic levels, such as family or order (Chown and Nicolson 2004) . Some of these phylogenetically conserved physiological traits are directly or indirectly related to reproduction, which allows us to derive large-scale predictions about the effects of climate on reproductive traits, including both morphology and behavior. These predictions, however, should be viewed mostly as examples of the hypothetico-deductive approach we are proposing. Whenever possible, specific information on the ecology and natural history of the study group should be used to strengthen the predictive power of the macroecological framework (see examples in the section "Macroecology of Harvestman Mating Systems").
Just as they affect many other animal groups, abiotic factors, such as low temperatures, limit the occurrence of arthropods in cold climates. Although some species have specialized physiological mechanisms to resist freezing temperatures during cold periods, most species go through their entire life cycles in the warm months, when they grow fast, reproduce, and eventually die (Chown and Nicolson 2004) . A short period of favorable climatic conditions probably constrains developmental time, leading to fast sexual maturity and small body sizes in annual species. Therefore, time-consuming activities, such as postovipositional parental care, are expected to be rare. Semelparity should be the rule, and females should lay a large number of eggs, hiding them in protected places, where they will probably overwinter (Tallamy and Schaeffer 1997; Tallamy and Brown 1999; Machado and Raimundo 2001) . A final consequence of a short breeding season, when a large number of individuals are reproductively active at the same time, is that the most frequent mating system should be a scramble competition polygyny. As predicted by theory, a large number of males within the searching area makes territoriality unprofitable (Emlen and Oring 1977; Thornhill and Alcock 1983) . Moreover, an experimental study with a beetle species has shown that smaller males-that is, those that probably developed at faster rates-are better scramble competitors at cooler temperatures (Moya-Laraño et al. 2007 ). This result, obtained under laboratory conditions, suggests that climate may also have an important role in influencing male development, size, and mating success in the field.
At the other extreme, species living in regions with hothumid climates, with abundant resources throughout the year, are probably subject to intense predation and fungi infection on eggs, which may increase the benefits of postovipositional parental care in terms of offspring protection against natural enemies (Wilson 1975) . Moreover, high temperatures should accelerate embryonic development, so that the foraging costs associated with a long period of parental care are expected to be low. For predators, which are generally food-deprived while caring for offspring (Thomas and Manica 2003) , parental care is expected to be followed by a fast period of production and maturation of new eggs as a direct consequence of abundant food sources. Even for species that do not exhibit any form of postovipositional parental care, favorable and stable climatic conditions should favor iteroparity so that individuals may have several reproductive events throughout the year. Because the breeding season is long, there would be no selective pressure favoring reproductive synchrony, and at any given moment, populations should be composed of both receptive and nonreceptive individuals. Moreover, considering that male gametes are usually replenished faster than female gametes, a high degree of female reproductive asynchrony would result in a more male-biased operational sex ratio and potentially stronger sexual selection in species with no paternal care (Ims 1988; Shuster and Wade 2003) . The most common mating system under this scenario should be some kind of resource or female defense polygyny, and male-male fights should be more frequent and/or intense (Emlen and Oring 1977; Thornhill and Alcock 1983) . In fact, one of the few empirical studies using the macroecological framework presented here has shown that mean duration of male-male fights is longer in butterfly species living in areas with more stable climatic conditions when compared with species living in areas with marked temperature and precipitation seasonality, where the breeding season is usually shorter (Peixoto et al. 2014) . The authors interpret this pattern as the result of higher payoffs accrued with territorial defense in areas where the breeding season is long and female receptivity is asynchronous.
Macroecology of Harvestman Mating Systems
Behavioral data accumulates at a much lower rate than data on species richness or body size, which may explain why a macroecology of reproductive traits has lagged behind in many animal groups, particularly invertebrates. Here we adopt the macroecological framework presented above and use recent techniques of phylogenetic control to understand the influence of climate on two components of the mating system, the strategy of mate acquisition and the presence of parental care, and on two traits associated with the intensity of sexual selection, the length of breeding season and sexual dimorphism. Our model organisms are representatives of the order Opiliones, commonly known as harvestmen or daddy longlegs. The order is composed of nearly 6,500 species distributed in all continents (except for Antarctica) and divided in four living suborders, namely, Cyphophthalmi, Eupnoi, Dyspnoi, and Laniatores Kury 2012) . Like many arthropod groups, harvestman species are absent at the lower ends of humidity and temperature ranges but are both diverse and abundant in environments with moderateto-high temperature and humidity (Curtis and Machado 2007) . The large surface/volume ratio (typical of long-legged arthropods), lack of spiracular control, and low osmotic hemolymph concentration of these species may explain why most occur in damp and shaded areas (Santos 2007) .
The great majority of harvestman species reproduce sexually and are highly polygynandrous, so that both males and females copulate with multiple mates throughout the breeding season (Machado and Macías-Ordóñez 2007) . The most common mating system in harvestmen seems to be scramble competition polygyny (Buzatto et al. 2013) . In many species studied so far, females lay eggs on sites that cannot be profitably monopolized by males, such as the bark of trees and leaf litter (Machado et al. 2015) . Another widespread mating system in harvestmen is resource defense polygyny, in which males fight each other for the possession of reproductive territories that are visited by females looking for particular oviposition sites . The reproductive territories include natural cavities on trunks and riverside banks, rocks, specific host plants, and mud nests built by males. In some species, females remain inside the male's territory after oviposition, forming harems, whereas in other species, females abandon the male's territory after oviposition, leaving their eggs either hidden inside small cracks in the substrate or under the male's guard (Machado et al. 2015) . Postovipositional parental care has evolved many times independently in the suborder Laniatores, with both exclusive maternal and paternal care being reported for many species. The main benefit provided by the parents is protection against egg predators, but in at least one species, caring males can actively clean the eggs and prevent fungal infection (Machado and Macías-Ordóñez 2007).
Although our understanding of harvestman reproduction is still incipient in many aspects (Machado et al. 2015) , there is enough information on reproductive phenology, mating system, sexual dimorphism, and postovipositional parental care for a great number of species occurring in different climate types worldwide to allow comparative analyses. The group, therefore, offers a good opportunity to test macroecological predictions. In fact, preliminary analyses have already been conducted by Buzatto et al. (2013) , who investigated the role of temperature and precipitation on the length of breeding season and on the presence of postovipositional parental care in harvestmen. Here we revisit these same questions with a larger number of species and reanalyze the data using continuous climatic variables rather than climate types. This reanalysis also includes more information on harvestmen physiology (see below), so that the connection between process and pattern, which is the philosophical basis of our macroecological framework, has been strengthened. Moreover, we included new analyses on the role of breeding season length in the type of mating system and the magnitude of sexual dimorphism. All the analyses presented here greatly benefited from recent phylogenies for some taxa whose internal relationships were previously obscure.
Length of Breeding Season
Reproduction is universally triggered by environmental conditions, and arthropods are no exception. Despite the incredible diversity of arthropod species, reproductive activities, such as courtship, mating, oviposition, and postovipositional parental care are frequently concentrated in the period of the year with adequate environmental conditions for adult activity. Therefore, climate should have a marked effect on the length of breeding season in the group (Wolda 1988; Corbet et al. 2006) . In order to create macroecological predictions for the length of breeding season in harvestmen, we need first to know how temperature and humidity influence adult activity and survival. There are only a few physiological studies on this subject, but the results they report are highly consistent, regardless of species or region of the study (table A1; tables A1-A5 available in the online appendix).
Although harvestman eggs and sometimes early hatched nymphs are remarkably resistant to temperatures as low as 2307C, lethal temperatures for adults range from 257C to 37C (Cokendopher and Jones 1991; Novak et al. 2004; Punzo et al. 2007; Leirikh et al. 2009 ). In a few species, adults survive harsh winter conditions with temperatures below freezing point, but in all these cases, individuals hide or hibernate in protected places, such as inside caves, where temperatures are consistently higher than the external environment (Belozerov 2012). Moreover, studies on temperature preference for several harvestman species worldwide, including representatives from both hot and cold climates, show that adults have a preference for warm temperatures, with a mean of 187C (range p 3:47-297C; n p 22 species; table A1). Taken together, these results indicate that low temperatures severely limit adult activity and survival and, consequently, will have a major role in determining the period of reproductive activity.
The length of breeding season in harvestmen may also be modulated by precipitation, which greatly determines air humidity. As mentioned above, harvestmen are particularly sensitive to dehydration; eggs, nymphs, and adults die within a few hours or days if maintained under constant dry conditions (Todd 1949; Edgar 1971; Hebling-Beraldo and Mendes 1982) . However, it is important to note that air humidity interacts with temperature to determine dehydration stress and, thus, adult survival. At 107C, for instance, the harvestman Vonones ornatus (Laniatores) from southern Florida lives on average 2.8 days under 12% of relative humidity (a measure of water saturation of the air, which is temperature dependent), whereas average survival at the same temperature but under 70% of relative humidity reaches 11.7 days (Punzo et al. 2007) . Therefore, high precipitation may improve adult activity and survival regardless of temperature by increasing air humidity and, thus, decreasing water loss. Based on our knowledge of harvestmen physiology, we predict that the number of months with mean temperature above the lower lethal limit defines the phenological window of adult activity and, consequently, the potential period for reproduction in harvestmen. Within the phenological window of adult activity, we predict that the actual length of breeding season is modulated by overall precipitation, so that populations or species living in wet places will have longer breeding seasons when compared with their relatives living in dry places.
We used the information on harvestmen physiology presented above to make informed decisions on how to use climatic data to generate appropriate explanatory variables for our comparative analyses. Based on the reasoning that the main constraint to adult activity in harvestmen is temperature, we used the number of months with average temperature higher than a minimum threshold as our first climatic variable, which will hereafter be referred to as favorable months. We repeated our analyses with the minimum thresholds of 57C and 107C to assess the sensitivity of our results to the threshold chosen. Once we defined the favorable months, we calculated the average monthly precipitation during this period, which was our second climatic variable. Because sensitivity to dehydration can modulate harvestmen resistance to stressful temperatures, we predict that the length of breeding season in the group will be determined by an interaction between the number of favorable months and the average precipitation during these months.
We gathered data on the length of breeding seasons by searching the literature on harvestmen biology and contacting several experts on the group to obtain additional information. From each article, we extracted the geographic coordinates of the population studied; when coordinates were not available in the article, we used Google Maps (https:// maps.google.com) to obtain this information. Then, we used WorldClim (http://www.worldclim.org) to obtain two climatic variables for each locality: (1) the number of favorable months, that is, those with an average temperature equal to or higher than the minimum threshold for harvestmen adult activity (57C or 107C, henceforth, T5 and T10, respectively); and (2) the average monthly precipitation during the favorable months, considering the total precipitation accumulated in this period (PP5 for T5 and PP10 for T10). Our data set on the length of breeding seasons includes 94 species belonging to 17 families and all four living suborders of Opiliones. For 11 species, we found information for multiple populations (two or three), leading to a total of 107 populations spread across all continents (except Antarctica) and a large variety of climate types (table A2) . We then inferred the phylogenetic relationships among the species included in our data set based on several molecular and morphological phylogenies ( fig. A1a ; figs. A1-A4 available in the online appendix; Nexus file in part 1 of the additional supplements, available online). Given that morphological phylogenies do not provide information on branch length, we set all branch lengths to 1. Whenever different phylogenies disagreed in relation to the position of a given taxon, we used polytomies to indicate lack of information. Whenever we had information on different populations of the same species, we also used polytomies and set branch lengths to 0.1, given that such populations must be more closely related to each other than sister species. We checked the effect of this assumption on our results by reanalyzing the data after setting branch lengths of conspecific populations to 1, 0.01, or 0.001. Because the patterns obtained with all branch lengths were qualitatively the same (data not shown), we present here only the results regarding between-population branch length p 0:1.
Prior to the comparative analyses, we standardized the variables of temperature (T5 and T10) and precipitation (PP5 and PP10) to the same scale by centering their means to zero and making their variances uniform by dividing variables by two times their standard deviations. This standardization procedure improves model convergence and aids the comparison of coefficients (Gelman 2008) . Next, we used model selection to analyze the influence of the standardized variables and their interaction on the log-transformed proportion of the year each species was reproductively active (i.e., the length of their breeding seasons). First, we built a set of candidate models that included a null model, three models with every possible combination of the fixed effects (T5/PP5 or T10/PP10), and the fully parameterized model that included both fixed effects and their interaction. Then, we ranked the five models on the basis of the bias-corrected version of the Akaike information criterion (AICc; Burnham and Anderson 2002) .
We fit all models with phylogenetic generalized least squares (Nunn 2011) as implemented in the function pgls (Freckleton et al. 2002) from the package caper (Orme et al. 2013 ) in R, version 3.1.3 (R Development Core Team 2015 . This approach is based on calculating the level of phylogenetic dependence between data points through maximum likelihood and then taking this parameter (l) into account when fitting a linear model to the data (Pagel 1999; Ives and Garland 2010) . Finally, we checked the best model for normality of residuals by simulating 1,000 normal distributions with the same mean, standard deviation, and sample size of the residuals from our model and testing these distributions against the actual residuals with KolmogorovSmirnov tests. We considered the residuals normally distributed if these tests failed to detect significant differences in at least 90% of the simulated distributions. We also checked the minimal most likely model for multicollinearity using the function corvif (Zuur et al. 2009 ) and for heteroscedasticity using the function fligner.test, all in R, version 3.1.3 (R Development Core Team 2015). The scripts of the analyses can be found in part 2 of the additional supplements.
The most likely model was the fully parameterized one for both the analysis using T5 and PP5 and the analysis using T10 and PP10 (DAICc p 10:97 and DAICc p 2:58, respectively, with the second-most likely model). These fully parameterized models include the temperature and precipitation variables, as well as their interaction (table 1; fig. 2 ). Both variables positively influenced the length of breeding season in harvestmen, but as expected from our predictions, the effect of the number of months with favorable temperature was stronger than the effect of the average precipitation in these months ( fig. 2) . However, an adequate interpretation of these effects can be achieved only by taking into account the significant interaction between the two variables, Note: Fixed effects used were (i) the number of months with average temperature higher than a minimum threshold of 57C (T5) or 107C (T10), (ii) average precipitation during those months (PP5 or PP10), and (iii) their interaction (T5∶PP5 or T10∶PP10). Log likelihood p the natural logarithm of the maximum likelihood; k p the number of estimable parameters; DAICc p the difference between the corrected Akaike information criterion (AICc) of each model and the AICc of the first model; AIC weights p the Akaike weights of each model; cumulative weights p the cumulative Akaike weights of each model and the models above it. Models are ranked by increasing AICc values, and the minimal most likely model is indicated in boldface. All models were fit with phylogenetic generalized least squares.
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This content downloaded from 134.117.010.200 on July 24, 2016 15:32:22 PM which was stronger in the analysis with T5 and PP5 than in the analysis with T10 and PP10. The effect of the number of months with favorable temperature was more important when these months had at least 70 mm of average monthly precipitation. Likewise, the effect of average precipitation was more important when there were at least 6 months of favorable temperature (fig. 2) . The level of phylogenetic dependence on the length of breeding season was estimated to be 0.58 and 0.33 for the analyses using the minimum temperature thresholds of 57C (variables T5 and PP5) and 107C (variables T10 and PP10), respectively.
The dominant effect of the number of months with favorable temperature (T5 and T10) on the length of breeding season in harvestmen was to be expected because when average temperature is higher, thermal seasonality is weaker. When this period is long enough, however, humidity seems to play a more significant, but still secondary role. Conversely, the effect of temperature on the length of breeding season is weaker in drier environments, illustrating how low humidity may become a more relevant physiological constrain for reproduction in such areas than temperature. Overall, species in hot-humid versus cold-dry places seem to have, respectively, very long versus very short breeding seasons, more so than would be expected from the independent effects of temperature and precipitation. This interaction seems to be even stronger when we include the temperature range between 57C and 107C (T5∶PP5 versus T10∶ PP10; table 1), in which most harvestmen (or most arthropods) may still show adequate physiological performance in terms of maintenance, but probably few will perform energetically costly functions involved in reproduction, such as mate search, territorial defense, or gamete production. The temperature values used here, however, must be considered as proxies, because standard conditions in which climatic data are recorded are likely to differ from those experienced by the study species. In the case of harvestmen, in which individuals are usually closely associated to the substrate, microclimatic conditions probably result in a few degrees more than the recorded or modeled temperature for each site due to the thermal buffer effect of the substrate (especially the leaf litter).
Mating System and Sexual Dimorphism
As stated before, species or populations in cold-dry environments with short breeding seasons will most likely experience high breeding synchrony, which should result in scramble competition polygyny because males would be unable to monopolize females or the resources they need to reproduce. Conversely, in hot environments, especially where humidity (precipitation) is high, we expect longer breeding seasons and, thus, different degrees of breeding asynchrony. This situation may lead, in combination with other demographic variables such as sex ratio or overall individual density, to a variety of mating systems, more frequently associated with female or resource defense. Given that female or resource defense necessarily involves male-male aggressive interactions (Andersson 1994), populations or species inhabiting hot-humid environments should exhibit more pronounced male-biased sexual dimorphism, not only in body size but also in a wide variety of male structures used as weapons in intrasexual contests (examples in Emlen 2008) . On the other hand, populations or species inhabiting cold-dry environments and exhibiting a scramble competition polygyny should be less sexually dimorphic, and male weaponry should be poorly developed or even completely absent. Therefore, climate may have an important effect both on the type of mating system (via length of breeding season) and the magnitude of sexual dimorphism (via type of mating system) of many species. Here we used behavioral and morphological data on a large number of harvestman species to test these macroecological predictions.
Although field studies specifically devoted to describe harvestman mating systems are relatively scarce (n p 5 species), behavioral information on many species (n p 46) are sufficiently detailed to provide a reasonable categorization of their mate-acquiring strategy into either scramble competition or resource defense polygyny (table A3), which are the two most common mating strategies in the order (Buzatto et al. 2013; Machado et al. 2015) . Following the rationale described above, we investigated the potential positive effect of the length of breeding season on the probability that a harvestman species or population will present a resource defense polygyny, as opposed to the more common scramble competition polygyny. We once again tested this prediction with phylogenetic comparative methods, this time comparing a model with the length of breeding season as the sole explanatory variable against a null model (which had only the intercept) through their AICc values. Both models had resource defense polygyny (1) or scramble competition polygyny (0) as a binomial response variable and were fit with phylogenetic logistic regression as implemented in the function phyloglm from the package phylolm (Ho and Ané 2014) in R, version 3.1.3 (R Development Core Team 2015) . This function also calculates the level of phylogenetic dependence between data points (Pagel 1999; Ives and Garland 2010) through maximum likelihood and takes it into account when fitting generalized linear models to the data. Finally, we checked the best model for overdispersion by dividing the model's residual deviance by its residual degrees of freedom.
We gathered information about the mating system of 59 populations (51 species) for which we had data on the length of their breeding seasons, including representatives of the four living suborders of Opiliones distributed across the Americas, Europe, Asia, and Oceania. We inferred the phylogenetic relationship among species based on molecular and morphological phylogenies ( fig. A1b ; Nexus file in part 1 of the additional supplements), setting all branch lengths to 1 (except for conspecific populations, where branch lengths were set to 0.1). Polytomies indicated lack of information whenever phylogenies disagreed, and we checked the impact of branch lengths for conspecific populations on our results by reanalyzing the data with these branches set to lengths of 1, 0.01, or 0.001. Because the patterns obtained with all branch lengths were again qualitatively the same (data not shown), we present only the results with conspecific branch lengths p 0:1. The scripts of the analyses can be found in part 2 of the additional supplements.
The model that included the length of breeding season was more likely than the null model (DAICc p 11:87), indicating that, as expected, the probability of a species to have a resource defense mating system is higher in species with longer breeding seasons ( fig. 3) . The level of phylogenetic dependence on mating system type was estimated to be 0.07, suggesting that mating systems in harvestmen are extremely evolutionarily labile. In fact, two populations of Leiobunum vittatum (Eupnoi) inhabiting regions with different climates and availability of breeding sites in North America show marked differences in their mating systems. In the population from eastern Pennsylvania, suitable substrates for oviposition are limited to cracks in rocks, which are patrolled and defended by males, as in a typical resource defense mating system. In the population from central Michigan, climate conditions are harsher and the breeding season is nearly 1 month shorter than in Pennsylvania. Moreover, females lay eggs inside fissures on fallen trunks, which are widespread and abundant in the study site. As should be expected, the mating system in this population is a scramble competition polygyny, and agonistic interactions between males are rare (Machado and Macías-Ordóñez 2007; Buzatto et al. 2013) .
After unveiling the effect of the length of breeding season on the type of mating system, we investigated the subsequent effect of the type of mating systems on the magnitude of sexual dimorphism in harvestmen. To this end, we used taxonomic descriptions and other sources of information in the literature to acquire data on sexual dimorphism in 10 morphological structures that are known to be used in male-male contests : spines on the coxa, trochanter, femur, and tibia of the fourth pair of legs (0 p absent or same size in males and females, 1 p larger or present only in males); femur length of the fourth pair of legs, total length of the second pair of legs, and body length (0 p male ≤ female, 1 p male 1 female); cheliceral and pedipalpal robustness (0 p similar in males and females, 1 p larger in males); and pedipalpal horns (0 p absent in males and females, 1 p present only in males). To build an index of sexual dimorphism, we summed the scores of all body structures for each species. This index, therefore, can range from 0 (when males are totally unarmed and morphologically similar to females) to 10 (when males are heavily armed and morphologically very different from females). In total, we gathered information on sexual dimorphism for all species (n p 51) and populations (n p 59) for which we have data on the type of mating system (table A4) . For this analysis, we had to make our phylogeny ultrametric using the function compute.brlen in the package ape (Paradis et al. 2004 ). Next, we edited branch lengths of conspecific populations to make them one-tenth of the branch length of sister species, consistent with our analyses of breeding season length and mating system ( fig. A1c ; Nexus file in part 1 of the additional supplements).
To investigate whether the expression of resource defense polygyny was associated with stronger degrees of sexual dimorphism, we used generalized mixed effects models with the fixed effect of mating system type (scramble competition or resource defense). The response variable was our sexual dimorphism index, and consistent with the nature of this index, we used a zero-inflated Poisson error distribution in our models, fit through a Bayesian approach implemented in the package MCMCglmm (Hadfield 2010b ) in R, version 3.1.3 (R Development Core Team 2015). According to this approach, the structure of the phylogenies is expressed in a relatedness matrix A, in which element A ij is the amount of time elapsed since the common ancestor of the whole phylogeny (time root of the tree) until the last common ancestor of taxa i and j. This relatedness matrix is then used as the covariance structure for the random effect of the terminal taxa in our phylogeny. We set up our priors as list (R p list (V p diag (2), nu p 0:002, fix p 2), G p list (G1 p list (V p 1, nu p 1, alpha:mu p 0, alpha: V p 1000))), using parameter expansion for the phylogeny prior, following Hadfield (2010a) . We ran three simultaneous Markov chain Monte Carlo (MCMC) chains for 5 million iterations, with a burn-in period of 4 million iterations, after which the chains were sampled every 1,000th iteration. Convergence of the chains were checked with Gelman and Rubin's (1992) convergence diagnostic, and we also checked the chains for autocorrelation with the function autocorr in the package coda (Plummer et al. 2006) . The scripts of the analyses can be found in part 2 of the additional supplements.
The 95% highest posterior density interval of the effect of mating system on sexual dimorphism included only positive values in the three simultaneous MCMC chains that we ran (0.57-1.78, 0.59-1.74, and 0.52-1.69). This result indicates that higher degrees of sexual dimorphism were associated with resource defense polygyny (median p 4, range p 0-6), rather than with scramble competition (median p 1, range p 0-4; fig. 4 ).
The causal link between the length of breeding season and the type of mating system has been rarely explored in any animal group, and our results clearly show that scramble competition polygyny is prevalent in harvestman species that experience short breeding seasons, whereas re- 
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This content downloaded from 134.117.010.200 on July 24, 2016 15:32:22 PM source defense polygyny occurs mostly among species with long breeding seasons. Considering that the length of breeding season seems to be directly influenced by abiotic factors ( fig. 2) , such as temperature and precipitation, there is an indirect link between climatic conditions and the type of mating system. The type of mating system, in turn, has an effect on the degree of sexual dimorphism in body structures related to male-male fights. As should be expected, species or populations exhibiting resource defense were more sexually dimorphic than species exhibiting scramble competition. Assuming that the intensity of sexual selection on males is stronger in resource defense polygyny than in scramble competition polygyny (Emlen and Oring 1977; Shuster and Wade 2003) , we have a putative answer to the question raised in the beginning of this article. Taken together, the results reported here suggest that sexual selection may be stronger in regions with hot-humid conditions (i.e., tropical climate), where long breeding seasons favor resource or female defense mating systems and, consequently, high male investment in body size and weaponry. In the future, it would be important to investigate whether the patterns reported here for harvestmen also hold for other taxa, including other terrestrial arthropods and vertebrates. Furthermore, it would be interesting to test whether there is a link between environmental conditions and direct measures of the intensity of sexual selection.
Postovipositional Parental Care
Postovipositional parental care usually requires considerable adult longevity, because parents must not only survive to oviposit but also live long enough to care for one or more clutches (Tallamy and Wood 1986) . All cases of postovipositional parental care in harvestmen are restricted to representatives of the suborder Laniatores, which includes nearly 4,200 species distributed mainly between the tropical lines (Kury 2012 )-despite the fact that a large fraction of these species is actually found in areas climatically classified as temperate (Buzatto et al. 2013) . There is little information on adult lifespan for species of this suborder, but all species studied so far live at least 1 year as adults (Gnaspini 2007) . The other two most speciose suborders, Eupnoi and Dyspnoi, comprise together nearly 2,200 species, distributed mainly in temperate or cold regions (Kury 2012) . In both suborders, adult lifespan is restricted to a few months, and individuals usually die soon after oviposition. In the few species that live more than 1 year, mating takes place during a restricted period (Belozerov 2012) . The constraint imposed by a short lifespan makes prolonged association between parents and offspring unlikely, which may partially explain why parental care is completely absent in species of Eupnoi and Dyspnoi (Machado and Macías-Ordóñez 2007) . Although most species of Laniatores probably live more than 1 year, the length of breeding season in the suborder shows great variation depending on the species and on the locality where it lives (see above). In species in which the breeding season is very short, postovipositional parental care is unlikely either because prolonged association between parents and offspring is impossible or because the marginal costs imposed on the parents are very high. Therefore, we predict that the length of breeding season among species of the suborder Laniatores will have a positive effect on the presence of postovipositional parental care.
The presence of postovipositional parental care certainly does not depend exclusively on the length of breeding season. There are several other factors that may influence the costs and benefits associated with this behavior (AlonsoAlvarez and Velando 2012). Although the costs of egg attendance in harvestmen have been quantified in only three species, there is no evidence that caring individuals have higher mortality than noncaring individuals. In one species exhibiting exclusive maternal care, the only detectable cost of egg attendance was an 18% reduction in female lifetime fecundity (Buzatto et al. 2007 ). In two species exhibiting exclusive paternal care, caring males have higher survival rates than noncaring males (Requena et al. 2012; Requena and Machado 2015a) . Thus, based on what we know, it is difficult to predict how the costs of egg attendance in harvestmen will vary in broad geographic scales. However, field experiments on the benefits of egg attendance in several harvestman species indicate that the presence of the parent is crucial to prevent egg predation (references in table A5). In some of these studies, ants were among the most important egg predators, and we know that predation pressure promoted by ants and other predatory arthropods is significantly higher in tropical climates (Novotny et al. 2006) . Thus, the benefits of egg attendance could be higher in hot-humid climates, where biotic interactions are likely to be more intense (Schemske et al. 2009 ).
There is no universally accepted proxy for biotic interactions in the macroecological literature, but here we used actual evapotranspiration (AET), which is a measure of the water-energy balance and net primary productivity (Hawkins et al. 2003; Mu et al. 2011) . We selected this variable because there is some empirical evidence showing that energy availability is positively related to the abundance of ants (Kaspari et al. 2000) , an important group of egg predator in harvestmen (Machado and Macías-Ordóñez 2007) . Moreover, there are meta-analytical studies on the global scale showing that energy availability is also positively related to species richness in many different taxa (Field et al. 2009 ) and to the intensity of egg predation on unattended clutches of terrestrial arthropod species (Santos et al., forthcoming) . Therefore, assuming that AET is a good proxy for the intensity of biotic interactions, we predict that, in all harvestman species whose length of breeding season allows long-term as- Based on the above reasoning, we tested the idea that the probability that a species will present parental care will depend on the length of its breeding season (as a proportion of the year) and on AET. Although the evolution of exclusive maternal and paternal care in arthropods may be favored by different selective pressures , there is experimental evidence showing that males and females provide similar benefits to offspring in terms of protection against natural enemies (Requena et al. 2009; Gilbert et al. 2010) . Therefore, we pooled together the two types of parental care in the analyses described below.
We tested our predictions with phylogenetic comparative methods, in the same way as described for the analysis of the type of mating system. In this analysis, however, we used the coordinates of each studied species to retrieve information on AET from 2000 to 2013 (available at http://modis .gsfc.nasa.gov/) for each locality using the Extract Data tool from ArcGIS software (http://www.esri.com). We gathered information on presence/absence of egg attendance for 105 species of the suborder Laniatores, but there was information on the length of breeding for only 56 of these species. Our final data set includes representatives of nine families distributed across the Americas, Europe, Asia, and Oceania. For one of the species, we found information on two different populations, leading to 57 populations (table A5) . We inferred the phylogenetic relationship among species based on several molecular and morphological phylogenies ( fig. A1d ; Nexus file in part 1 of the additional supplements), setting all branch lengths to 1, except for the two populations of Vonones sayi (branch lengths set to 0.1). We used polytomies to indicate a lack of information when phylogenies disagreed in relation to the position of a given taxon. Finally, we checked the impact of branch lengths for the two populations of V. sayi on our results by reanalyzing the data with these branches set to lengths of 1, 0.01, or 0.001. Because the patterns obtained with all branch lengths were qualitatively the same (data not shown), we present only the results regarding betweenpopulation branch length p 0:1. The scripts of the analyses can be found in part 2 of the additional supplements.
Consistently with our previous analysis on the length of breeding season, we first standardized our variables to the same scale and used model selection to analyze their influence on the probability that a species would present postovipositional parental care. We built a set of candidate models that included a null model, three models with every possible combination of the fixed effects (length of breeding season and AET), and the fully parameterized model that included both fixed effects and their interaction. We then ranked the five models on the basis of their AICc and checked the best model for multicollinearity using the function corvif (Zuur et al. 2009 ) and for overdispersion by dividing the model's residual deviance by its residual degrees of freedom. This time we fit all models with phylogenetic logistic regression as implemented in the function phyloglm from the package phylolm (Ho and Ané 2014) in R, version 3.1.3 (R Development Core Team 2015) .
The most likely model included only the proportion of the year when the species is reproductively active (table 2; DAICc p 2:17 with the next most likely model). As expected, the length of breeding season positively influenced the probability that a species would present postovipositional parental care ( fig. 5 ). There was no effect of AET, which was our proxy for biotic interactions and predation pressure. The level of phylogenetic dependence on postovipositional parental care probability was estimated to be 0.19. This finding indicates that postovipositional parental care in species of the suborder Laniatores is evolutionarily more labile than the length of their breeding seasons but less labile than their mating system types (see above).
Our results show that longer breeding seasons indeed favor long-term associations between parents and offspring in harvestmen, a group in which paternal and maternal egg attendance has evolved many times independently (Machado and Macías-Ordóñez 2007) . At first, it may be hard to disentangle the effect of the length of breeding season Note: Log likelihood p the natural logarithm of the maximum likelihood; k p the number of estimable parameters; DAICc p the difference between the corrected Akaike information criterion (AICc) of each model and the AICc of the first model; AIC weights p the Akaike weights of each model; cumulative weights p the cumulative Akaike weights of each model and the models above it. Models are ranked by increasing AICc values, and the minimal most likely model is indicated in boldface. All models were fit with phylogenetic logistic regression. from the effect of adult longevity on the probability that a species will present parental care. However, in representatives of the suborder Laniatores, adult longevity is usually much longer (Gnaspini 2007) than their breeding seasons (the mean in our data set was 4.9 months), so that longevity clearly does not constrain the evolution of parental care in this group. Moreover, we could not find evidence that predation intensity, at least our proxy for it, had an effect on the presence of parental care in harvestmen. This result, however, hardly rules out the possibility that predation plays an important role in the evolution or maintenance of parental care. First, we highlight the challenge of using, or obtaining, more direct proxies of the intensity of biotic interactions (Morales-Castilla et al. 2015) . In our case, for instance, direct estimates of conspecific and ant abundances in each locality would have been more informative. Moreover, once we know that the length of breeding season is predicted by climatic variables related to temperature and precipitation ( fig. 2) and that the length of breeding season predicts occurrence of parental care ( fig. 5 ), such climatic variables should also predict parental care, as previously found by Buzatto et al. (2013) . Nevertheless, we must be careful not to use such variables as proxies for predation intensity to avoid redundancy. Second, although intense predation on eggs might have been a major force favoring the evolution of postovipositional parental care in arthropods (Wilson 1975) , it clearly does not explain why egg attendance has evolved in some species but not in others. Several species in our data set occur in southeastern Brazil, and there is a single locality where 11 species of the family Gonyleptidae are found together, sometimes laying eggs in the same substrate. Among these species sharing the same climatic conditions, three cover their eggs with debris and show no postovipositional parental care, four show maternal egg attendance, and four show paternal egg attendance (table A5) .
Concluding Remarks
Rainfall seasonality may be found in regions along a wide range of (mean) temperatures, and the interaction between warm temperatures with pulses of precipitation in each locality defines the period of activity of many species, the temporal and spatial patterns of resource availability, and the intensity of parasites, predators, and competitors. All these factors shape or constrain reproductive traits, such as gamete production, mate search, expression of costly ornaments, and the costs and benefits of postovipositional parental care, to name a few. Thus, there is a likely causal link between climatic conditions and the expression of reproductive traits that allows us to generate predictions on how these traits vary in large geographic scales ). Here we formalized this macroecological framework, presented some general predictions focused mainly on arthropods, and explored empirical examples using harvestmen as study organisms.
Our results show that the length of breeding season in harvestmen is predicted by the number of warm months during the year and that precipitation plays a secondary role in modulating the period adults devote to reproductive activities. In turn, the length of breeding season predicts two key components of mating systems: the strategy of mate acquisition (scramble competition versus resource defense) and the presence of postovipositional parental care. Furthermore, the strategy of mate acquisition is associated with the degree of sexual dimorphism, suggesting a causal link between the intensity of sexual selection and the divergence in sexually selected traits in males. Taken together, these findings indicate that climate indeed has direct and indirect effects on sexually reproductive traits and that it is possible to derive macroecological predictions on how these traits vary in broad geographic scales in response to temperature and precipitation.
Our major challenge when approaching environmental variables from a macroecological perspective was to select potentially informative, nonredundant variables considering the physiological, ecological, and life-history traits of our study organisms. Choosing a proxy for the intensity of biotic interactions was particularly challenging, and we hope that the macroecological framework presented here stimulates more discussion on this subject. Another point that deserves further discussion is the procedure of measuring current climate and using that to test evolutionary hypotheses for how past climate may have shaped behavioral and morphological traits. Overall, this framework assumes relatively fast evolutionary responses to changes in climate, especially in terms of behavioral traits. In support of this view, mating strategies are known to be flexible not only between populations (examples in Thornhill and Alcock 1983) but also within the same population over the course of the breeding season (Buzatto and Machado 2008) . Furthermore, the low values of phylogenetic dependence we found for the strategy of mate acquisition and presence of postovipositional parental care further support the flexibility of these traits in harvestmen. In other words, using environmental data gathered over the past five decades, we probably captured the environmental pressures that may have shaped the observed reproductive traits.
For many years, the study of reproductive strategies and sexual selection has been mostly focused on single species or populations. The advent of comparative methods in the 1980s expanded our comprehension of the evolution of morphological and behavioral traits and provided a solid analytical framework to test adaptive hypotheses in a phylogenetic context (Nunn 2011) . More recently, large and detailed databases of temperature and precipitation have become available, probably stimulated by recent interest in global climate changes. Finally, the internet improved access to scientific information generated by researchers all over the world, so that the compilation of basic data on a large number of species has been greatly facilitated. We argue that the combination of these three isolated events created the unique historical opportunity to test macroecological predictions related to large-scale variation in reproductive traits. Our empirical examples with harvestmen clearly illustrate this point. Our comparative approach was possible only because we had access to (i) comprehensive phylogenies of the group, (ii) the most recent and complete data sets on climatic variables, including evapotranspiration at a global scale, and (iii) detailed information on the reproductive biology for a comprehensive set of species published in many articles in at least six different languages. Moreover, we must highlight the fact that basic information on physiology and life history was available for several species, which allowed us to strengthen the predictive power of our macroecological predictions. Considering that many other taxonomic groups are better studied than harvestmen, we are confident that the macroecological framework presented here can be successfully used to test interesting predictions about large-scale variation in reproductive traits. Although some attempts have already been conducted with birds, we expect that this article inspires future studies on other animal and plant groups for which abundant studies on reproductive traits are available in the literature.
